Abstract: Construction risk assessment is the final and decisive stage of risk analysis. When highly changeable conditions of works execution are predicted, risk should be evaluated in the favorable, moderate, and difficult random conditions of construction. Given the random conditions, the schedule and cost estimate of the construction are developed. Based on these values, the risk of final deadline delay and the risk of total cost increase of construction completion are calculated. Next, the charts of the risks are elaborated. Risk changes are shown in the charts and are analyzed in the range [1, 0].
INTRODUCTION
In practice, a construction 2 risk often has to be scrutinized because of the influence of random events over the course and results of works 3 execution. Construction is the main stage of construction project 4 . There are a number of publications on different methods of construction risk analysis.
The evolution of such concepts, an overview of research and applications pertaining to reliability of construction production, the use of resources, robust itineraries, and contingency of time and cost has been presented in publication [9] . Authors have described areas of management advisory systems in relation to the cycle of risk analysis. They also point out emerging trends which standardize the investment process management, including risk analysis. The investigation of risk management in small projects in Singapore in terms of barriers and impact of risk management on project performance has been presented in the article [2] . Based on the results of a questionnaire survey, the authors pointed to a positive correlation between risk management and the improvement in quality, cost, and schedule performance of small construction projects. Publications [1, 3, 6, 8] present methods associated with construction-related risk management. In article [1] a systematic approach to extending the Technique for Order Preference by Similarity to Ideal Solution has been proposed for a risk assessment model selection, in the context of a fuzzy decision-making environment. In article [3] a Risk Management Maturity System has been proposed. The system consists of three functional components: capabilities, assessment, and evolution. It is based on an integrated application of theories and tools drawing from experience in systems engineering, emergence and adaptation techniques, and multi-criteria decision making. The resulting appraisal of project risk is a multidimensional assessment corresponding to specific risk characteristics. In article [6] the author has described the preparation of Project Risk Assessment Methodology and its mitigation in complex construction projects. The author has developed a function which makes it possible to categorize any risks into one of the five categories. It is a combination of probability and the impact of one of these items: people and their safety or budget, cost, schedule and planning or quality and performance.
The relationship between risks impacts and their level of likelihood has been also investigated. In paper [8] the author has proposed the method of identification and preliminary quantification of risk. Risk reduction techniques, the method of risk allocation in construction schedules, the contingency plan development, and the assessment of the effectiveness of risk analysis has also been presented. This approach enables verification of the solutions and development of risk-related relevance coefficients for assessing project cost and time. This particular method of risk identification works as well as cost and time of the project is comparable to the PERT method which has been presented in articles [4, 5] . The most important practical consequence of the author's research is that instead of the time-consuming and costly process of selecting the proper activity duration distributions, planners should devote more effort to adequately determine the activity duration times.
On the basis of these publications one can conclude that there is still a knowledge gap between practical needs and available theoretical solutions. There is no universal method of project risk assessment which is commonly used. In particular, this applies to risk assessment of works on the construction sites. The method of construction risk assessment that is proposed in this paper is an attempt to address this gap. Based on the construction risk identification the schedules and cost estimates are developed. The risk of final deadline delay and the risk of total cost increase of construction completion are calculated. Risks are analyzed in the interval [1, 0] .
RULES OF CONSTRUCTION RISK ASSESSMENT
Construction risk should be evaluated according to the conditions of works execution and resource requirements. In the case of high changeable circumstances, favorable, moderate, and difficult conditions of construction should be considered. Requirements of object structure for such conditions are described by using the design characteristics model of structure S as follows:
(1) 
-three-term relation that assigns to each arc U ∈ Requirements of works execution are described by using the construction technology model : 
under the constraints:
The above problems one can solve by using any standard computer program.
CONSTRUCTION RISK ASSESSMENT
Construction risk assessment here is strictly connected with the schedules and with the cost estimates of construction completion. Risk assessment always refers to the specific conditions of construction, and is calculated in accordance with the normal distribution of the random variables T ,
Taking this into consideration, the risk of final deadline delay and the risk of total cost increase are calculated. Based on the solutions of scheduling problems, the critical paths (
, the variances of total cost )
one can calculate the risk of final deadline delay of construction completion and the risk of total cost increase of construction completion. The risks of final deadline delay )
for the specified values of final deadline t and the normal distribution of the random variable T one can calculate as follows:
t -specified value of deadline of construction S completion which is probable and can be considered under the contract negotiations; Z -standardized normal random variable.
The risks of the total cost increase )
for specified values of total cost k and normal distribution of the random variable K one can calculate as follows:
k -specified value of the cost of construction S completion, which is probable and can be considered under the contract negotiations.
Using the formulas (5) and (6) 
The different values t and k can be analyzed during the contract negotiations as the final deadline and total cost of construction completion. Taking into account the additional conditions of decisionmaking, the values that are acceptable in given situation should be settled in the contract.
RISK ASSESSMENT OF SMALL BRIDGE CONSTRUCTION
In order to explain this method, a small bridge erection is considered. The construction of the bridge is described in the design documentation and in the primary cost estimation. The design characteristics model of bridge structure S has been developed in accordance with formula (1). The bridge construction technology model â has been developed in accordance with the formula (2) . Detailed data for the construction of the bridge described by using these models has been tallied in Table 1 .
On the basis of this data, the schedules and cost estimates of the bridge construction in the moderate, favorable, and difficult conditions of construction have been developed. Here, all schedules have been made as solutions of the scheduling problems of bridge construction according to the equations (3) and (4) for the moderate, favorable, and hard construction conditions. For solving these problems MS Excel was used. Results of the calculations are tallied in Table 2 . Then, using formula (5) and taking into account the work that belongs to the critical path, for subsequent values of t the risk of final deadline delay of construction completion has been calculated.
Next, using formula (6) and taking into account all works of bridge construction, for subsequent values of k the risks of the total cost increase of construction completion have been calculated. 
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CONCLUSIONS
The method of construction risk assessment that has been presented in the paper allows contractors to examine changes of construction risk depending on conditions of construction and depending on different values of the final deadline t and the total cost k of bridge completion. All acceptable changes of these quantities in the interval (1, 0] Taking into account the results of calculations presented in the Table 3 , it is important to clarify that the risks of the final deadline delay and the risks of the total cost increase of construction completion are equal because of the relatively short duration of the construction and the stable prices of labor and construction products during works execution. In such situations, this conclusion is also true for other permissible values of the final deadline and total cost of construction completion.
Finally, one can confirm that the method of construction risk assessment is theoretically ready to use. But, in practice, one should say that there are two basic conditions in order to use it. First, the method of identification of random events and their impact on execution and results of the works should be improved, for example by using an expert system. In particular this applies to the quantitative estimation of the impact of the disruptions on works execution. Secondly, it is necessary to develop software that would be convenient in to use in this situation. The software should be fully compatible with the cost estimation software. At present, these conditions are in the process of being analyzed. . Zbiór H zawiera racjonalne lub optymalne brygady robocze, które zorganizowane (zaprojektowane) zostały do wykonania robót S. WartoĞci funkcji K i T opisują odpowiednio koszty i czas realizacji robót S przez brygady robocze zbioru H. WartoĞci tych funkcji są okreĞlane na podstawie analizy modelu S, dyspozycyjnych zasobów i warunków wykonania robót. Wykorzystując dane opisane za pomocą tak zdefiniowanych modeli są opracowywane harmonogramy i kosztorysy robót w warunkach probabilistycznych przeciĊtnych, pomyĞlnych i trudnych. Mogą one byü opracowywane za pomocą typowych programów do harmonogramowania i kosztorysowania robót. W pracy, w celu przygotowania danych do bezpoĞredniej oceny ryzyka, formułowane i rozwiązywane są problemy harmonogramowania robót dla modeli S i , jako zagad- 
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